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florae— *#M&U ^ 2 con ^7s-r A 

<0-&©77-f;Uc0^2O3£^{«&U -ff©7 7 

<<)\><D% 2 con tf— pco7 r-r'/l/co^ lone-i: 
^7%fti§L, — pc077"f/K0^ic03fc:-c07 

r -r /Me r * -fe x l froiss < < mm z nrcmm* u 

l c03kf-<ox- ^lyhfrSUam^MWU 
-SfO7 7^;K0l 1 con fcT-KJtLTfcStlfcgHtf 
-P<07 7 yf'fVom 2 con fcT-fcWLTft <k ? {C 
U n y+f-f 5*flii/vr— §¥©7 rWrt/©£ 2 con 
-»©7r-r;l/«0»i©aif-fc-a*-«:*i»Pt*»fll 

r s # ffi £ «fc -3 r t, £ n 5 o 
[ooii] Htc, #f§0jcog«»;}:, #ifcSh>xxA*c 

*5V^T> ^ifrS^X^Acolt^^T-r/l/ • ->X7i»5: 
#y&U 77^/1/ • ^x-rAco77-OW\£07*-trx£: 

-r;i/i:-a'*^*^46©S*tcjSi;T, fHcofflco7r 

P^AfCfcO^l cofficO!7 7-r/W\c07^-feX£:IE-^ 

*->o^2coiSaco7T^';i'«r^i#"rS7r^;l/ • 
r A(cM-r *K«tBS7 , n ^it±5S2 coiBco7 r 
^/W\co7*-feX*[l&-£U Sio«B07T'T;l/Rt^ 
2comco7r^;i/*{£#LTv>s*ft^fte07r>r;u • 
v'X-rAcOf31t«ii7 ,, Dy^AcO$iJfflIcOTT^ 1 co*7 
•7if h • h*£2©li®*-7Vx* hi:-gfc£-t+ 

3 fcf-fciu leSWH^n ^Afc £ o TfBS# 

mm~z ft 5 * 9 l t & * i\ & , 

4MB«Wi7 , ni^5Afci\ *©77-frt" >>X-rAco7 
[0012] *m*mci3\,>T, S2JE«\ 77^/K0M£ 
«\ 7r>i';i/co5ki&*-&tf«t'5»c#ifigLTt«kv\ 

I ft l^T HfT £ ft 5 <fc a t L T «fc V\, 



S ■& £ ft£ 0**tt3e-r 5 fcfcfc MKU^SJtlSt- 5 C t 
[0 0 13] 

[flFffl] LV^SafiflW<OS 1 coft^tc j:tv 

If, b7°'J y—> 3 y • 7 r -r-c st/^n^ ti^f2 

S*H^>Xf-Afc*l/vr-£8tffS?TSftS. CCOTJffi 
Mfcco7 7^;W#y&£ftfro7'J- (*) idg 
/££ft?>o 771 , ;K5*- <ofcco«, 7r-r;KD:*-'J^ 

•7-;w • 3tr-«fct) 7 7"f;i/©3if— *^a*«3yt; 

a - ^ f ACOiBHSBtiSti * tlS «t -5 fC U7° U -5r 
^fiU^;K07r>(';l/C0H77^U— feUT'Uy— Y-Zft 

So -y-77U-«, — oco3^tfa— & • v^f-Acoie 

1«BMfc:ai6l3lt*nTVS, U7°Uy— >3^«, V 
77 U -con If-Jfttf r ^;V^gU©3 ^^o.-^ 

3> - 7r^U-r-C?rmi/>T||ff^nSo *»K©B'J© 
ftacAtilf, 7T-r;Uco^icontr-«, — ocony 
tf a — • yxr Ate#»ft*tlSo 77-f;K0l2O3 
tf-«, gijc03yt!a.-^ • ~>X-rA(i:«iSi&^n?.c 7 
r-<;l/co^ l contf— l J3^7 i 77i"Jf^ 
(reconciler facility ) ?:ffl^t7 T-i";VcO^ 2 con 
If— i:— SfeSn§ 0 ij3y->ijx-y 3 y (reconcilia 
tion) tt, 77^ /UCD^I 2 con tf — i$7T-4 /KOHS 1 CO 
ntf-tc^^tiri^S^S^H (changes ) ^tSCt 
ltmmz-?Z> 0 — Sfc07r-r;K0^1«0ntf— it, -o 
con^tf^-^ • yxfA(C«f&?n, ^LT-^C07 
r-f;l/co^2cone— gijcon ytf a— £ • ->xfA 

tM^ns. 'j3y^7-77'>yf^(t s&tc 

—SS[* tlT g V^-g^CO 7 7 ;KDS 2 CO 3 if- tf-g 

©7r^;l/OMi one— fc*«nft*6»*%a3E*d 
tyj; 3 tc— pco7 r -T^coH l con if— i¥<07 7-f 
;b CO m 2 CO n tf - 1 —SL 2 & & < ffl V > 6 n 5 . 
[0014] *awojE**IHjStcj:n^ -l¥co7r 
-f;l/co^ 1 C03t!— fH l conytfo.-^ • ->XfA 

C0l21tSBiCfSH^n§o -SO77^/H0H2O3K 
-tt, I2©3>^-^ • >'X-rAcOl3'SSB(cf51* 

^Htts -S©7 7>r;i'Oi i oai:-o77 

co?§£K.fc9 77^;l/cofg2cogWSI£n3o iiAnco 
^Mti, — pco7T-i';l/co^ l confer— <D7 t J fowp 

9JO*ft<D«^»C «t t> -$<07 T -T;l/CO^ 2 con e-'x 
t>ei8*tl5o *aW©»jO«WSte«ttUf, -S¥c07r 
-<;l/C0^lcO3tf-a s SlOa^a-* -i/XfA 
c0l51t^Bfcl51»^ni) O -i¥c07 7--f ;l/co^2cont; 
^2con^tf^-^ • i/X-rAcotBttSBKfetl 
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— fK>77-i7KD^lCD3tf— iCftLX&Ztl 

fcf, f21t£Efi©-OfCf21t£nS 7 7^;KDf 1 CD-b <y 
bit, l'7 B U'7--h2*iS^<#££fiSo 7^;b£ 

«y W/'J^ay • 77S"Jf-f«f 

[0015] *mw<Dm*zwi&ic&Mf, 

hX^77^)Ut, #«3!S'X7 1 A©:3>£;l-* • 
A<Dlig6$SJ5K (logical organization) ^ 

;i/*^a-r^< uru^r— h«n*o ^f^oH&ssi 

nfc?-«, $ l oay^a-ii • ^XxAfcEtiSti 
5o — b-y h£D7T-Y;KD^2C03tr— it, ^2<D3>- 
kTi— ^ • •J/x-ri»fc|2ig?nSo — b-y h©7?-i';l' 

S^Xlf^y n^tM^ (class-specific reconcile 
r ) 4ffl^T- b-y 1-cDfi 2£D:3^-,h-g<£nSo 7 
r-f/Wdu ^XteffljSSftS, JWWT'^ij'h (pe 
rs is tent objects) £ LTf21S^tf5 So ^7v > 'x^h 

Vfcfi — £ • ->XfA©- 0?H?t£*ISo — b<y HO 
77^l'%l/7 , J^-ht'«> 1^7 7'Jt->3 

%?n5„ 7r-i';KE> J £-;tveftf;J\ 7 7^M7^'bx 
TSCfctfffSttS^^HKSfcffiS-rSo — b*y h 
<D77^fMt, 7r-Jfr*7?-bX-r&££m ! f$n2> 

-b<y h*£.&?'«Wmis7 , V >S3>Wm (privat 
e replication mechanism ) WTU7 , J'7-h?n 

So 

[0 0 16] *«W<DH*StLSteJ:ntf, -$©7 7- 
-T/Vco^ 1 <D3tf— l <dx>¥ a.-** • S/X-rA 
*c#*&£tt, ; f-LT-i|co7r^;bco^2cDnif-{i, 
^2conytfi-^ ■ •/XfAKttie^nS. ^IH 

7i/Mt -^<7)7T-f;l/£DmiOn^-(cWLT{tt 
i^Wo i&X-^xVhtt, -Sp£D7T'f;l/Cr)Ml O 
3 tf — (c*5t7S 7 r 7-bX L^Off ffiS /c460 

7*-feX*%*rr*o (reconciler) 
-^O7 7-r;b^2Ontf-^-pO7r-r;l/c0^ l 



7A?W?n5. 7°07^ (proxy ) it, -&<D77 
<<)V<Df% 1 con tf— Oi- i?x y U n y+M 7^ 

-{c:fctfS7 r^l^T^x LfroK&Sfc&KPIS 
^nfciSPl (limited authority ) £ 'J 3 y+M 5fC# 
*S 0 ^'^n^^S, -SO77^;K0SlO 
3tf-{cttLTft2ftfcgMtf-P©7T^<D^2CD 

<07T^;KD^2©3li— p<D7T-<;K0^ 1 

tt, ftftS^X-rAfcfcl^TliaSSnSo COTJffiT 
{*n If^l7 7'l';l" ->Xfi, (heterogeneous file s 
ystems) ^^iSi'Xr Afc0t*S£ftS o ttiicUm^ 

7n^7A (storage manager ) A'#77 / l' 71/ • i>Xf 
AfcWLTffil&StlSo 77^©glO*7h*77 
^;VOl2©^7 h£— SfcS^Srt&tDgJfctCjSCT, 
7T-r;l/CD^ 1 O-fe-y Y^Unt^>7 7-f)V • -7XfA 
fc StT S I HttBlT'n ^ A fc <fe o T T * -b x # 7 r -f 
;KDf HD-b7h^5tl, A^O7T-<;K0^2C0-b 
•y H%^tS7 7'f/V- ->XxA{c^f5l21iea7' 
P^A(C«fcoTT^-bXA' 5 7r-Y;KD^2<D-b>y h'v 
^*£>*iS 0 IlO*7'7zyh •■fe-y Mi, 7rY/U 
O^lcD-b-y h RZf 7 7 -l^com 2 <D*t v hZUft-f* 
j e-*l J ?*l<Q7 7"f/l/ • ^X-rA©IB*WS:?*n^5A<B 
»H»«9T?£2©#:/*S>x* h • -b>y hfc— a**6tl 

So 

[0 0 17] 

stributed environment ) T'fflVS+lS UT'U ■5 r — i^a 
>'775"Jf^%l«t«. l/7'Jt->3 7'77 
'7Uf^B, ^XxAO^g^-A^ftSfcfcttS^ 
^tT^x^h (persistentobjects) £>&£>ti>S\yy — 
Off— > (weakly consistent replic 
at ion ) *3E»f*. UT'U^-i'a V • 7 rf'Jf^ 
tt, J|Mtt*7*^x* h (single objects) 5rU7'jy- 
h tt» : replicate ) LdS*\ ^fcii^fi^ 

7"^x^7 h^t?ISIi^Sii (logical structures) * 
UT^'J^-r-L^So U7°Uy— ^3 > • 77-7'Jf^ 
»4x t7'7iy hO^mntf- (local copies) ^7" 
i^'x^ hOJsPlntf- (remote copies ) i:-Sfc£-tt 
So U37-7IJX-73 7 (— reconciliation) 
&v t7-7iy hO^Rff-b'y hfc43l7S#^7*^x^ h 

&irz*7Vxt h t-mz&ztizzsic-ttUam 

*P (a pair-wise basis ) 7%4tl. 'j3 7->ijx- 
->3>«, ^K77-f;V-->XfA (heterogeneous 
file systems) fcfe/coTf§^L •? S c 
[0 0 1 8] mi it, *&W<D]ff-&L\,mMMZnfiT 
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5, n— • XUT • b7-? (LAN) , 
*>yh7-^ (WAN) , £fcte{te©f§5gM$«<D«fc 

mm^mmmi z^ts a f-^Mia, 7 

-^f-v'ayH, 16, 18»tf2 0, ^'Jy? 

2 2 &c>* 2 4 , * L T— ^EttHSIt 2 6 Rt>* 2 8 

ty c 7-^f->3yi4, T6, 1 8Stf2 o©-?- 
ft^ftti, #«;**IJ 3 0, 3 2, 3 4Rtf3 6%t 
tSo X=eV3 0, 3 2, 3 4Rtf3 6 ©ttVf fttes # 

So #7— ZTsf— isa y 1 4, 16, 18Rtf2 0 
Al 0«, *tKWO/!:«)te±Blb/£t>Ot?*0, 

^ffiJtfsfeoTttftv^. W*tf, fflE«tt»Hii 2 
it, m%l<D*v vv—t • ^-^u-x-f • ->XfA 

[0 0 19] *5SBo»$Lt>««Wtt, a— *fRZf~> 

4>&< tt-OOf-^ • 7^— /WK (data fiel 
d) *&&-tZmWftmm-V&Zo mMKft®. (similar 
properties) RZf&M%:&i% (x^y • -trv^x ? 
X : common semantics) ^rW^§^7"^x ^ MDgfte, 
J^T^x* h • ^77, (object classes) fdlfigStl 

a, h*&mirz»-ti£t>* mmmit, 

it, *7^x? hoi/^ij^s vteH^stifcv ; 

(file directories) <D£v%;, fj&iIfi^»ig<DU7>; -Sr 

-> a y*Sgt5 <: iiAU ^ -sgft^fts. 
r^y^' yxf a 3 8 ummiwt 
ffli/^ftStfT's'x* h«rE«r 3 ft *b 0:77 -Ob • 2/ 
x^^^tyj *7^x*Mi, 5MBaa*.-Affimi 1 9 
KffltfSn* (BO 2 43$) o $MRS!*-i»aiM l 9 It, 
^l/-T-c^- yxf A3 8©77'i';l'- yxf A 
telEttStifca-TVx* h • *-A2 1 fr?>flM£*lfc 
MflSttyU— SCfllii (logical tree-like structure ) 

#*S*-A£H 1 9&, yXfAl 0CD£M 
tt#4-7^x£ h (named objects ) <Di£T|5gB%^f 
(01#I) c *»WOff*LV^||fflCTOU7 , Uy— 5/ 

3 y • 7rv"J-r^tt, *7^x* h^lti-yxfA 

fc o r # » * n ? § j: 5 1 * 7 y x ^7 h <d 7 a 7° u 



7->3y (ft? : duplication ) KMLTMt^f: 
^T^:<, HcTVx.'P h<D£W.^i¥-(DV xy-yV X.— 
ysy (IP*,, • U-yj-ir— is a y ■ mu 

ltimaster replication ) tMLTtttt&tS,, V3y 
S/'Ji-fayB, *7~7x* htf^SSftfc^T^x 
*Mc#LT*£ftfcg3E*Elft , r*.fc5fc^ ^7y*x 

* h%EH^n/£^-7*^x^ htvxyy-yfc-tz (— 

^yfyh (f*3S) *#r a c*a© 
Rtfffi«*fefrr*. 'Jayi/'jx-y 3 y»i, orzry 

znrcjsmtmffi&yyvisayT&mztiz&vic* 

#7'7x* htO^mntf-^gtiU^XxA 1 OfCfrfc 
oT#iftS4aSJ:"5te::*-7 > S>x* h^faT'^-f-f 

^yts care*-*) cfc/s****« , r*oTtt*<, 

*7-7x^ h<Da\^—<DV=iy-yVJi—y3 y (—go 
[0 0 2 0] «TK J: »5fiM0te#»iJ!©#$ LV^SSCT 

■t7h (object set) " It, tr— is a yfcttL 

(collection) t'S5 0 ^7'>*x^ h • -fe-y hit, J£— 

<D*-?yx.t> hgrcit*7~yx.t bwyyv-*^* 

"Uru* • -by h (replica set ) " WBSWfC, 
*tl^tl3V*7S'xi' h • -b<v HO^nlfntr— *ffi%? 
«^7A03W»ygy7$!), "L'T"';^ (replic 
a ) " «, U7°'J* • -b-y h©1«fi!cg|5# (member) Tffc 
§0 StrctJ-pTVS^SWIBtg^XxA (underlying p 
hysical storage system) ^" x ^ h %IB 

5U7'j7-y3y-77-yj7^^Ki mm f« 

(insulate) /c^fC^O^It^^-r-S/cii)^, 

h fB1S©r 77. Y<y>?ya y (abstraction : &m 
(R e p 1 S t o r e) *Wmt% a ReplStor 

e • 777 h7^-7a yit, iszfvtr—. ya y • 7r-y 

5ct%3^St-5o ReplStoreti, U7U-7-— 

-Sfl^y?7i-X%Stot. «rfc, ReplSto 
r e-Ty^7i-75;5StU77i^ hE* (obje 
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ct stores ) fctiFtiETS CtlZCDXfiSs. 5 h1£WU 

hsns So ^^^7x-xti. mmicm)& 

lsrd®m<D-&Mt%& (a named group ) T*&S 0 
■V (signatures) %1$jrrSo -f7* 7x-7«, «fig 
ft«flfi©flS& (other Implementations ) tiot«ji& 

s^tVx^h** -<7*7x— "xaws" £W 

itlsyV^-hZftZrciblCR e plStor e-f^^ 
7i- ;**3£«LfcW-*Uf*&fcV\, R e p 1 S t o r 

7© ^Pft ft tafc o T U 7 U -7 a >*3fc«f S ft 

*fc»»a!->^f-A i orto77-f;i/ • -yxfAo^n 

[0 0 2 1]SReplStore(i, I^'Ja-A 

»»*fltt&'rs. cow*, uyjy-f^K-^ 

7x;> h (replicated object ) I D (ROB I D) T 
65. ROB I Dlt, f$giJ&0^7U ^- h£;faT^S 

(encapsulate : ffiUfl) T S777 ~7a 7T*35 
5o ReplStoreli, ROBIDs fcliBWfcL- 
' (serializing ) fr-DlM^tf fcf S (deserializing ) 
fci&O/l'-f-VfcXa-rs. ^i^hOROB I D 

7 '7x^7 Hi, RO B I Dfc^Sftfc1***fl!V'>Ti3 

A (component name) «u ■?-© ROB I Dfr£>z9 
fcH£n?So SRep 1 S t o r e(i, l/^J^-f-f 
FiB1lSJ£HfBfS$S (replicated storage change log ) 
4 0%*i&fS (03#5&) o SH!B§S?»4 0«, *7 
^x^h • h©*7-7x£ Mc#LTfc*ftfcSH 
ZftJ£*r%$&<Dmm3 4 2*£». ^£IBg 4 2 
ttx »S7-f— (type field) 4 4, ^M^ftfc* 

7*7x£ htt^-r^it^Kk^rifcROB i D7-c— ;pf 

4 6, SE»W8£l,fcB»mi OaffiftM) *«T»B7^ 
— ;UF (time field) 4 8, Stf^KfCft/Stttf £ftfc 
R I Mttim+ZVfV>r-*/BVW7vy>; (R I 
B) 7-r-;bF5 0^tr o CCOjS^fetl/fcHafiWP 

^H^#&r5o Cfte>©SH«, (deletion) „ 
(creation) ■> §£H (modification) , (rena 



ming) , TkXS&tt (moving) Ti^So ?H£tt, *7*7x 

h tf£$£ttS h £lcf§£-r-5 0 SSEtt* *7'7x*b 
©l*)S (contents) 

ns u zuT&miz, *7-7x*fj^7x 

r A©i«Jai*— ASBBO«rbV^TUVF (new pare 
nt) <DTT®m-gt\%tZlCft±-?% 0 

[0 0 2 2] # — V;M 4 
©77x^77 (3K3U %HD fc LTfMa-rsSSMIBS 
!9 4 0ftTit?#;*nS. A-V/1/4 9H;, 4 2 

©UXhTV— * (marker) tLTfFfflt5 0 fln^LTv 

EHfBS*?f«> *«*-v^*&#5*. *-y;b4 9 

«U £7A • 7*77 (BfSISjj* : time stamp) <DB* 
H?t)?So *-V;V4 9(J, 011*. ff* &SB#j£©f£T*f£ 

S*77x^ h • -b>y hOftS^U^x* K3\ R 
I B 5 1 TXZyfZtlZ (0 4#BSJ o R I B 5 1 
fi, =O07-f-;l'h*%*t« : *UJ>*-ji • 7-r- 
;l/F (originator field) 5 3, gM»8UTP7-r — /U F 
(change identifier field ) 5 5, StfT'o^y— £ 
• 7-f— /l/F (propagator field) 5 7 0 ^U^-— ^ 
•7^-/^*5 3 t±, #7":7x £ ^©^©^StfSI 

a\ waawtc, # u -7*-* • 7^-;u f 5 3 
« tife* u -7^- ^ (cia-r s *7-7x ^ h /\oti(ng 
M^^S'j-rSo mmcs -fu>\?—z • 7-c-;i' f 5 7 
«\ spmij^h^jm o it/*— r 4 ©»gij*if So 

<7 Hc<t*S«»t6ti/£R I B 5 1 (ix ^U^-^f&tf 

7 , D/<y-*i:LTRmffli*sW'r'««3E*ti*o s 

[0 0 2 3] U7'jy->a fiM^ffi (load bal 
ancing) St/BJffl'tt (availability) fcfltt&TSCfcfc 
fcV^T^StS^'rA 1 Otc^LtfSTfeS. U7U 
y— ^aXt *7-7x^ hcOV-rtlA- 1 — OO^tf— ± 
(cft#^$)J|51-r<<^|i(Sis/X7 i A 1 0(c^>fcoTI2it 

^?ns c i: *gwrs c t tc <fe -3 t njflitt*fa±r 

So #tc, yxfAl Ofcfcfc^.T^iC^tl/'cfiS** 
7-7x^ bOne-^W-rsc tJci-pT, a— tf«, 
* 7i?x ^ h s\<D 7 ^ -tr x fcfc&tf S * fcteUm? S > 
X-rAP l 3cOift|^tcd:oT^2tl^<^So ^±L/c5J 

v^HSS^Jtt, t^b-f-C >V - 1/7.7- h 3 8 ©g|5^T 
65l/7Vy- -7a7 • 77v"Jf-f 5 4 (0 5 #88) 
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^mwwaBis*^-^* : tmmi&mm 5 6, u 3 
yv* ^msmm 5 8 &a*fWii]«j£gsi eo, b7°y 
—5/ ay'7ri"Jf^5 4li > fp-yVr—y 3 y{c 

>'3>''7Tv"jf^5 4a, ^-ns^sv^c— HLT 
^Sci^M^cf^ ij3y^7MH5 8£ffl 
l/VftfT^x * h • -fe-y bcD3£-;£— g[£-£S 0 C<D 

y 3 y-> y x--> 3 >-y\ »>^fi l o fc;bfcs 

^T^x* h<D— misfcffiti (consistent view ) 

[0 0 2 4] fflim&Sm 5 6 J: DRirSftfc (exer 
ted) ffilffl©— P©U"OWi* b7*uy->3y»tf 
ffi^n/'c77?£fcM'r5 0 uyj^-i/aVB, ^SjtfjS 

/fctteiswtei^tfa^n^ So ^wcfffiLii, u^y-jr 

■f -rtt, h • -b-y h&O'UT'y^-v'ayo 

Uyy^^gg (replica connection) #gSKc#j££*l 
-O^uyyAfc^-^x^h • -b-y H^^iJfSo *f 

mmc gmvf-muz, 6 7 (06# 

88) (**<om^5i:bTj»R*tidS) fcS-?£ 

B#HcOSjit«fcoT^» (HJtf-) SftSo u-7°y^ 

a, uyy^-^s y^t/tBb^sfeofcBii-So i> 

fV^— isa jSIEff*/^— f-^ (appropriatelyp 

rivileged party) {c«t otWUi^tl^ So *%m<D 
»* LV>3SSS0!UiJ\ -ocOJgSOl/yj -t"— >3 

*&f s : ^Mi^7°y^-^3>'Ra ; *ffl^7 p yy-v'3 

3 tr-«r^fiH-r < < MIEW*' <~r -C Xtc «t o T 

fT*n^sffiii^*wrSo iwj^ayt 
«u aasns*^!* h • -try hone-©*-*!** 
na\ -Ktt*iwrt<fl!io3t:-fciBn (®» r 

So ^BHae-^rlBttf *-*>-A25BD©/-Ktt, 
tLT, ^HUyj* • -fey h*Jgj«U ^LTb-yh 
(D^VM (members ) fcfc, 3 If — ©US"?— W&kW&lT 

m^lflS (state information) £«0 0 
<7 h±(DT^7-b7>$iJ|5S«. «#^nSo tfTVx^h • 
■b-y hO^BBaif-Ta^-rsSH^ fffiO^W3tf- 

^-ssts-esns. 

[0 0 2 5] ffflU7 1| jy->3>H *zri?x?h- 
-b-y h<D*ffl3tf-^fig-rs^li^jt»t-S 0 Hffl3 



T£/&£*i?So U7U<ir— r-f F • -b-y KOtT©^ 

0©T-{4&1> 0 mmi'-?v j r-yayiZs vLTicmmic 

{c*3^s^yyy->'3 ^jag-caw*-*-*. 06«, 
^Bsuy y «> 3 y«yn?Bfifttswyft l 9 s#tj£g 
it^-ria-e&So t7^x^h • uyjy->3y- 

I-^iyh (ORAs) 6 2&tf6 4«4, U^'J^- 
isaXDtcltXD&Wl&m (automatic support ) 
t'^^ii'f • -b-y H^lSnsZ-KOftfe 

(replicator objects) TfeSo ^■f^^Xf- AO 

&mM&* fniftcoRAttts, oras62R 

t>*6 4(4, »W*9>T7:'h©fc#lcfcSttfcH3jM£ai 
SSPS^^lftiiL+f— A (remote procedure cal 
1 (RPC) servers ) £ Sfr*ft«3S{K 
■*!WJ*£«*S{fi©^©i«fi^I^ (reliable 
communication mechanisms ) Tf^fft{c25 D "5 So <@ 
9JOORA 6 4 (6 2) (4, JBBW^x* hfc:**LT 

fORA62lt ReplStore DLL66 SO' 
ReplStore Manager DLL6 50D 

— r-i" >^?:r15o ReplStore Manage 
r6 5(t ReplStore6 6^\CDT^-bXcDHS 

WLTJS^^R e p 1 S t o r e 6 6^a— Kf"-<< R 
eplStore Manager65 \&T 0 0 R 
As62R«6 4S, fhetJBiWx^HBII 
(SS) ^ei/yuy-h^ftTt^iT^t^x^ 

RAs 6 2M6 4B, ^181^7° 'J* (public replica 
s ) *«ISpr*fl!!©0 RAs i:^s*^mr^< S*fC 
fSS1-SCi:*B]So 
[0 0 2 6] 'J3^76 8tfiiib7" i ;t-v'3>' 

jaa?s»i**rao ^na, mfn^yj^y • -b«y h 

A 6 2 ICJttSA'i'y^-^- h (counterpart) L 
TfMifSo 'JnW768lt ^P^ORA62(ci; 

^x^ h*BHI< dt^USo zocDiSOUny^ 
•5 ■ t7->'iyh^')ny^76 StcA-aTPftftti* 

n^So ftfcu ^7^'j3y^7 7 0SftaT^ 

7*— ;l/h (IP'S, •^'7 7N?$ir : class-independent ) 

U3y^7 7 2WtH^n9 5. 77Xlt^y3y 
■9--r7 7o«, u^yy— >3yT^^xif^®^%^ 
i-s^-^x^ hfc-gcs-eso ^^nyaw 

nso ^7X34ity3>"y--r'7 7 2(4, ^-n^cD^^x 
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So HAtf, ^X^'x^ h • -try htt, ^-ftgf*©^ 
•y h «u 1 m. 'J xj y+M' 5A^Jffl^BT«6T?fe* fc 

»^6 7it S'i'S'JfchU;* f 

[0 0 2 7] 07ft *^0»SLl/>HMfi»J{Cfelt5 

»r«SHi3»»4 0 (03#BS) fcttLTT^-feXtf 
2lt#£ft3 (i7(DXf'^7 4) o #K> jm*7V 
x^7 h • -b>y r-tfiiPS^X^x^ h • -tr-v b i:— iS?^-i± 
SftSfcfcfct^ «R(fORA6 2 (0 6#^) tt, 31 PI 
^-^^^ttJLffi^ (remote procedure call mechanism 
) JkftLTmmORhG At&mtZo ®HfORA6 
2«U £XIB8ff4 O^NOT^-feX«:^#-r^<3SPiO 
RA6 4kSl»t«. A-V;M9 (0 3 #51) 

tt, §£Mta§l»-c"£/iSc£ft3 (07OXx>y7°7 6) c 
f#{C, SBtO R A 6 2 ^Xvx 7 f • ^7 MH©« 

P>ftS-^< CCD^-TA • X^y^jlPiOR A 6 4"\« 
fo 38HORA6 4«, dCD2^A • X^>7** 

*-V;l/fcLTi8PHaHE»»4 0'\5«-ro *-V/l> 

[0028] ft/T, mwms<D-nm ojxio », 

»»fr6»&ft3„ SHORA64B, jtMORAtfH 
PjTORATlSLftgl^IfORA 6 2^\^X • M«y 
^Lftl^ (ip-5, SfiHIOR A#R I B sO*US^*— * 

g 4 2<D ; fft^ft<QR 1 B s 5 lfc^ffiiSS? (screen) 

g (IP'S, 3SP10R AtfR I B s07"P^y-^ • 7 4 

r i Bs*«tn. ism.i:LTt#p>nrc (■&/«) 

9lltt, **l6#J$HEttteK*S*l-5«8fORA6 2'\ 
^X->^*3fftS 0 MORA6 2(t £®SB©R 
OB I D stCfcraTMSUStlfca-T^x* H±T**-A 

2N u xi > v- y x—> 3 y (xf -y 7° 8 o ) Rtf rtS 'J 
W*^x^ h • -try hT'^IUc^^iyh*! 



ffi*7Vx* h • -fey KDttiS*-**:/^* hfc-SSc 
£-£&o »M*:7S>x£hfc:«LTft*ftfc*&W>*Se 

7^'J3^7 7 0i;fttt77X&3iyxT>+M 

57 2*viv»5ftsfr£'5asd\ v-x (ap-e, 

x^ hcDifiUxJlf-) fc«#rs. ^7X«tS'Jny+f 

ft y a yy--f v^rSsR-rs t t^co^^etiSo 

[0 0 2 9] *-A2S'j3>>"JX-v'3i/a, ^ 

sti*. ^©^ft^ste, atf* 

&*#t?o H 'J 3 y 5/ ij x—> 3 >ti, fcfJSL 

TV»*iMM-:/$?x* hfcttLTKSSftfcfllWcflBL 
TJBfJM-^x* h^ROB I D s fc AoTStff Rite* 

— $/ 3>oy7'J7h (^-LiSfl : name resol 
ution conflicts ) <<DSft*#fcS 
tf#fgfillF»3Tfl§V^ft-5 5„ #fgW©$r* LV^Sfcffi] 
«\ LfrLft*^ 9WJ (rules ) ^Umt^o -t-— A 
(namespace conflicts ) *ffilfc-t'«*$ffi} 

ofttzL^mffiMic&^Tm^znzm 1 comm. % 
<D%mict>tc&m'&<DmM*miRT% c m 1 

^^n, ; eLT^ft?.^-A%wr^<[5ii;^-7 > -> 7 x^ 

h A^iJ^fflll^Ki S Tc ttK* * ti 5 ^ fc, * X" ^ x ^ 

•r s a ^ fc«»»c«^*tisaje^aff ns. as 2 am 

SS^-TS. 3l2©Sll!jy;. ^"X^x^ h*^j«*tl, 9 

[0 0 3 0] fig'J 3>i"JX- ->3 y 
7*7 0%W 14, 1^7-^x7 YWmk*7*Jx.>? 
h » LT ft £ ft fcKHfcS » A 5 tc ®fifT4" 7-7x7h 
OrtS*3iPi*^x* htc— ScS^SCfc^tfo ^ 

7 ha iapi^-x^x^ hi:fsicrts^wr^<^M^ 

ft9 5„ Ux°yy-i >3yif, 

*^gijoto'\e«*ftSo u^y^— >a a7 

Y ' -fe>y hcDSWtDxitr— (c^LTft^ftfcSS 
A^Xi^'x^ h • -b>y h(D^2^DxIt!-^cft^ftSi:^/^ 
? C tlcfcV^T "-73iifx" T'^So Ji-^x^ h • -b 
>y I-0^20n^-{c^LTft^ftfc^g*^-Xi/*x^ 
h • -fe<y h©^ 1 OntT-^g^-rS/'cfeOEPBfS^ffl 
(immediate reciprocal action ) A^^ffi Lftt/^o LA" 1 
Lft^?>> *7*Jx.t h • -b-y h<£>^ 1 ontf— ^co^ 
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u *-y/n4, &m&mmmim 

— -3©U^y*tt, *-v;WMB*3SW*« 
[00 3 1] i^U^J 7—> a y{4, ^2&©ilffi{£S 
'f'yv'i- (f§?r : issues) X (±3S : poses ) 

*ft**fc«B««Xl-'*y (#j£ : thre 
at) XT*. 'CO«B«i^U>' ! ? , *W0 , r*C 

£:£»r^<, L^*flMHfcJ\ "7p^ 

~>X(proxies) " *jpjffl-rs. 7p^> (proxy ) &4, 
H'fit&lffi (extraordinary privileges) 5 C £ 

fc<W»fcttf**ftff**7-A-ffl3g (worker proce 

sses) sfcttaMaasfctfrS-rsxy y-*> 3 y • ^7 

•y h (delegation ticket) T-&3 0 7P?y&4, S*FrJ 
lT^5M-f-f (granting party) <D'M& (credenti 
als ) JSr/W-Jr— 'J (package ) LfrOiSPB^y^x £ 

>*WaW, 3SPS O R A 6 4 (B6) 14, MUa y+M 
M O R A fC «fc -a T If Rj * n S ^ * 7 * -fe X 4tR tf 51 S 4 

u 3 ytr-r 7 6 8 (4, anmK^R««3s« 

(18^77/8 6) o &S?Zt, Uny^7 6 
8(4, 38BJffll'\7D*S'*IWS. 

x 7 h • -fey h tf-fl^^v^i * h'VDISJg 

#*T^-feX^s i FoTf § (Xf 778 8) . 'JaW 
7 6 8(t *~7*?x.>> h • -tr-y h<D3SPlB:fr7^x£ h's 

5, »WUayiM7©77-feX«SHtt, ffllSftUny 
7 -b xtt^W Rj-f 5 7 -fe xi© ^ y t 3 ± "5 

4, -fe^JxT • 7^-tzX (secure access ) fcffrBTT* 
[0 0 3 2] ±IBIS5BJl©7vai3#{4, £^1x71)7-^3 



tr. ffflu^yy-i-gyeii, ^s©il (y-x) 
\>\ wits rp cmmun<Dmmmmt>\ mmmmm 

[0 0 3 3] 

r U r -f Rtf^-tiJp n#IEliS»*-&tr£R©3 

r, 7r^;i/cD > yj-{c|i^^nfctIii«D7 7'^;i/>&« 
*eu y7"f;K03bf— ^gijcnytra— 5? • <>XfA 
Ol51SS«tc|21t*n5 ^3 y • 77 

r^WD+ryyy— <ont!— A'tgijoaytfa.— ^ • ->x 
x AOBBft»BtelB11*n« J: 5 y 7U 3 y • 

fBltSHtclBM^n^, 7 7^WJ-^5., 
/K0ff#©U7*y<5r~>3 y*«t&L, froMvx? 

a. #f£BjcD#ifc§yyxxAf4, fft^A ! 77-fW 

i:, *— *$Av-e^5feP>t*S7T 
-r;i/^u7'J7-h-r^P7U^-y3y • 77-y'Jf 

Tfe 6 «) s -9-7 y U -* U 7* U -5r- h -r S d ^Rjtg 

[0 0 3 4] *»«3©*tttt. 'J3yW5'77i"J 

07 7^;l/©SI l cD3tf— SD'giJcDnytfo.— ^ • 
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fcT— %7ri';l'OS2 03v;- ScSit, — o<Duy 
tfa— # • ->XfA©-S<077'T;l/Ol 1 On tf— S. 

;l>Og| 10n£-£ftLT&£;ftfc&e>tf>£^H*-l¥ 
©7r-T;V^ 2 On ffl&SAtyj; fc D n 
=y • 77^l)7^£ffii/ , >T— $077-'(';l'0fgl on if 
-#-$07 r^frcoMW, 2 on \s-t-%.Z-£Z>&m 

ismiz, u7vr-i/3 y • 7 7->Uf-i'Rr) : fnfn 

^WLTV^frtS^i'XT-Afc&^T, ^lOny^ 
Ofliontf— *#|&U ^2corjytTi-^ • i'Xr 

a oisttSB tan £ n s o y r << jwm 2 <d n \± 
— *ftt»U — m<Dy7^;l<D%i <r>uM—<Dy 7 y i\> 

D-$077-i';WD!g20nt?-'\SH*eiJU 
077^;VO^ lontf— 077-1' ;UO^&< tt-o 

©77^ /KDfg 2 o n e-^iifinOgK^Sirr SlSPg 

7f'/l'Og|3#OU7y y-v-a >^tW5o 
[0 0 3 5] ##£Bji07j?£tt, U7U^-:>3 y-77 

^XxA£^LTl>3#li(I^7Xf-AJc:|ol,vr x nyfc! 
a-* • S/X-rAOfStiSB^ *-A£W LTV^ 
77-f ;i^f5tt U I21S £ ft fc 7 7 -C /I/O*- A ottS 
W?IfiSc*^*5^S^-A^pa%fit^L, 7 7^/1/0 
5i^^tlfcg|5^^LTi/^ff LV^7 7 Jfrtt3n#.? 
3fc*6fCU7U'r-v'3>' • 7 7->U-f-f ^B^T^O 
^-Atf^I^-A^O-gl^ffMLfrO-- OOa 
y\dzL-H • ^XxAOi21tMfifc:fei«£ftrc-P07 

■r 3 ot% ^istiy^^co^§u^- A^p B ^ ^ts^^s 

ay\i=L— 5 • ->XxA£WLTV^#ifc§y>'X7 i Af<: 
fev^ ill on>tf;x-2 • ^x-rAlcfBfl^ft^B/T 
#O^XO-*I077-f';l'Ogn One-^&fcSU 

fg2onyt^-£ • ^XxAfcfg1S£ft3F)T#07^ 
7<D- *107 7 -01/0312 On tf-;£;#:it£U P/t^-O^ 
77©7 r-f;l/fat^-SSj ^ ^Xf#S U n y+ft' 
^EaVT— ffi07 7^/l/0gl 1 onfc?-£:-ffl07 7 
-Y/l/Off! 2 On t-%.Zl£Z>®?%*mm? %CDT\ 



ftmmmmc&t'}%y7'{;i£rcizy7'{)\'<D$t#<Du 
Co 0 3 6] *^cD73ffi«> mmiyyj j r-^3 >Wt 

fz&<Dziy\Z3.-$ • ->XxA%^LTl,>3#1ifcl^>x 
T-AtCfeV^T. -ooaytfa-^ • -77fUt?77 
U^-v-a > . ynyvA^rH^f U 77 l J^r-73y 

ft fcr ^n^*n#7 7 -ov* 7 ^ -t x -r 3 c t 
ti%®m<Dvy,h*MnLT\,^-mcDy7'fj\'ZV7 

*frV\ 7 7^*7 ^-trX t§ C t^g^nsfflS 
OUXh^v §7 7^/HcSLT, l^U-T-hf 3<1 
£ & < «t L viS07 7 ^ < Hfl! U -r- 

~> 3 7t$#§£flIV>T-*I07 7^/l/% U^U h -T 5 

U -r— > 3 ytzimL, U7V tr-i/ 3 y t mm U 

yvr-^B y<Dmj5tt$.m-rz>£^5®3k*m?%o 

2<D=ty\d3.-? • ^XxA^WbT^/^?,5^•S!^§u>'X7 L 

A(C*3V^T. ^l O^yifi-^ ■ -7X7^7 7^ 
<D3lsti/3y*mi&l„ y7^>lcoaU?iS3y%:m 

lcni/^->3 y<D±rcoy7-f^uyv / r— h 3 
b^^>3 y<D-£T<Dy7y;Wi'7'V f r~ Y ^ti^^t 

it*U7'J h L^v^gg^^f t?©T% ^iStgy 

-'ssy&iRffii^ ii-Htt<ou7u 

[0 0 3 7] *||B^C077?£«. ^lCOH^^a-^ • i/ 
7,7-hft.TSW,2<Dny¥3. — 5t . yxfAMLTl/^ 
ft-tSfSyv'X'rAtC&I^T, ^ 1 Onyb'o.-^ • -77f 
A0-P07 r-T ;UCD^1 <03Vf-^«^L, ^2CD3 
ytfa — £ • >'X-7-AO-Pcr)7 7-l';WC>ll2C0ritr- 
^W*&L. -^cr>77-l';l'CD^l cD3tf-{C*fLT^JE 

^tfv\ j en^*n* ,? -po7 7-r;bo^i<D3vf-o7 

7 ^ -tr X L^og^U § fcfeCDT ^ -fe 

T«^L, -S¥cr)7 7-l';l'iD^2<7)3t:"-^-|¥£D7 7 

-r;uo£i 1 on tr- 1 — zrc&bicm 2 vtf a. 

1 ©3tf-cD7 7-t'/b£7 7-fcXLfrOSt|-X5'< 
< PS^^nfctiiPi^ U n y^^f ==> icM^-t yu V y 

— gf07 7^;l/0^1 £D3tf— OX— 7x> h^P> 
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ictt L T * £ ft 5 J; •p fc U 3 y v *tm \i -m<o y 

[0 0 3 8] *%W<Dj5mt, ^§y^X-rAfC*3^ 

fc&^g^CfSLJT^ HI l <o^.<oy7-< )V 

^.MCJ; t)^ 1 0a077-r/V / v©7i''t7*K#U 

iCftf 5I21«^I7 P D ^7 Afc «t 0 H 2 CDffl©7 7^)1 

a©77'f/l/*ffift LT(/^ J ?-ft^"ft©7'r-Y;V • 
r A©E*ffS^'n^5 AOlWWOTTfS 1 ©*7Vx 
* h • -fey H*l2 0fiO*^i^ h fc-gC<*-£Sf£ 

[an 



[0 1 ] *fgB^©^* uv»nMM*sgss'rs©»caa* 

[0 2 ] #»gi©#3: Li,^MWfc«fc **HRSh>*7\k 
[03] *f§BJcD»$ L V^HMSWKffl V> 6 ft SSHK» 
[0 4 ] *ftBM<Dtt * U-»56*W{Cffl^6ftS U7"U * 

~ >a ymmrtiy^ (r i b) ©^oy^BiTfcSo 
[0 5 ] *5$w<Dft £ L^*siififajcffl^6fta u^u y 

—^a > • 7r-> 1 Jf-'fO«|^fiSc^ (functional c 
omponets) *7iil>T^2>7a -y ^0T6§ O 

[0 6 ] *#&91©#* LV>Hiae>J{<:4i3^5^BflU7"U * 
—>3y (public replication) *#WJB* 
OffiSfFffl 0T & £ o 

[0 7 ] #$89f©# £ L^Hfi&WcfetfS P^'J > 
3 >T*nfi-Zft2>Xf-v7<Dyti-^v-hT*2b% 0 

[0 8 ] *$§BJcD$f $ L^HflSfiBlfCfcttS U7 P U 

^t7n-ft- hTfc£o 

3 8 ^b-f^^^'i'Xfi 
5 4 U7 , J^-i/3 7-77v ,| Jf-C 

5 6 immi&sm 

5 8 yay^^WrtS* 

so fflwmnmm 

[0 5] 
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